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SESSION 1A: NUTRIENTS AND SEDIMENT 
Nutrient Concentrations, Loads, and Yields at Ambient Water Quality 
Monitoring Stations 
Caroline Chan 
Kentucky Division of Water 
(502) 564-3410 
Caroline.Chan@ky.gov 
 
Nutrient loads from the greater Mississippi River basin have created a hypoxic zone in the Gulf of 
Mexico, which measured a record 8,776 square miles in 2107. States within the basin determined 
in The Gulf Hypoxia Action Plan 2008 (Mississippi River/Gulf of Mexico Watershed Nutrient 
Task Force, 2008) to develop strategies to reduce nutrient loads and develop reasonable and 
appropriate watershed-specific plans to further manage nutrients. The Kentucky Division of Water, 
with its partners, is developing a Nutrient Reduction Strategy to assist in this state and federal 
initiative to reduce nutrient loading to the basin and the size of the hypoxic zone.  
To determine if implemented strategies are effective, baseline measures of loads and yields must 
be known. The Division has regularly sampled stations in the primary ambient monitoring network 
for water quality and other parameters for decades. While station changes occasionally occur for 
safety or other reasons, this network can be used to characterize and track changes to the 
Commonwealth’s water quality over the long term. A USGS report, Concentrations, and estimated 
loads and yields of total nitrogen and total phosphorus at selected stations in Kentucky, 1979-
2004 (Crain, 2009) used these stations to evaluate nutrients. This study provides a broad baseline 
of nutrient loads and yields throughout the Commonwealth, but is not based on current data.  
Contemporary data are needed to craft a modern nutrient reduction strategy, therefore, the USGS 
study was replicated using data from 2005 – 2017. An effort was made to use the same monitoring 
stations and methods so that results can provide current nutrient load and yield information, but 
also be compared directly to the previous study results. LOADEST (Runkel, 2004) was used to 
determine loads for total nitrogen and total phosphorus, with yields derived from loads and 
contributing basin area. 
LOADEST produced models with good fit for all stations for total nitrogen and all but three 
stations for total phosphorus. Basins with greater areas of agricultural land use have higher nutrient 
yields, and conversely, those with greater amounts of natural land cover have lower nutrient yields.  
Results from this study are being evaluated to inform decision-making in developing the Kentucky 
Nutrient Reduction Strategy. 
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Advancement in Watershed and Sediment Transport Modeling Using 
Dynamic Lateral, Longitudinal, and Vertical Sediment (Dis)connectivity 
Prediction 
Tyler Mahoney, Nabil Al-Aamery, Jimmy Fox, Evan Clare, Thomas Dunlop, Stephen Day, and John Pike 
Department of Civil Engineering 
University of Kentucky 
 (502) 320-1420 
tyler.mahoney@uky.edu   
 
Sediment connectivity describes the three-dimensional, stochastic nature of sediment detachment 
and transport between geomorphic features of a watershed. The strength of connectivity reflects 
the ability and continuity of transport pathways to move matter from source, through the 
watershed’s stream network, to sink. Geomorphologic literature suggests that sediment 
connectivity plays an important role in sediment transport modelling, but we find contemporary 
erosion and sediment transport models lack explicit incorporation of sediment connectivity theory. 
The ubiquity of high-resolution geospatial and water quality sensing data suggests the time is ripe 
to couple connectivity theory with sediment transport modelling to advance the three-dimensional 
simulation of sediment movement at the watershed scale. Our objective was to couple sediment 
connectivity theory with sediment transport modelling to explicitly map active sediment transport 
pathways and simulate sediment flux of each pathway at the watershed scale in space and time. 
During our simulations, we also kept in mind the gently rolling, bedrock-dominated watershed 
configuration, as found in the Bluegrass Region of Kentucky and throughout the USA. Gently 
rolling catchments foster fertile soils with life-sustaining geomorphologic infrastructure capable 
of sustaining important critical-zone functions. As a second objective, this research aims to 
elucidate connected and disconnected geomorphic features within the watershed uplands, stream 
network, and hyporheic zone in gently rolling, bedrock-controlled catchments. 
Materials used to formulate the coupled sediment connectivity and sediment transport model 
included: (1) probability of sediment connectivity simulations in the watershed uplands (lateral 
connectivity); (2) estimation of upland sediment flux input to the stream network; (3) instream 
bathymetry and sediment measurements; and (4) instream and upland connectivity field 
reconnaissance. The numerical model simultaneously simulates sediment flux and instream 
(longitudinal and vertical) sediment connectivity. A multi-calibration procedure utilizing total 
suspended solids (TSS) samples, quasi-continuous turbidity data, connectivity field 
reconnaissance, and sediment fingerprinting results calibrated and validated the numerical model. 
We collected TSS samples using a Teledyne ISCO automated sampler and quasi-continuous 
turbidity data using YSI 6-series turbidity sensors. Sediment traps collected bi-weekly helped 
formulate sediment fingerprinting results utilized in model calibration and validation.  We applied 
the framework to the Upper South Elkhorn watershed in the Bluegrass Region of Kentucky, USA. 
We chose to apply our study to this watershed because: (1) it is representative of gently rolling, 
bedrock-controlled watersheds with mixed land use; (2) of the abundance of data previously 
collected in the watershed over the past twelve years; and (3) the watershed’s proximity to the 
University of Kentucky.  
Modelling results indicate that the geomorphologic watershed configuration controls sediment 
connectivity for both the watershed uplands and within the stream network. Hydrologic forcings 
control dynamic changes of sediment connectivity from one hydrologic event to another, but the 
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input timing of sediment from the uplands to the stream network is generally restricted by the 
distribution of landforms in the uplands. Results showed that the distribution of lateral, 
longitudinal, and vertical impedances to sediment transport governed sediment residence time, 
sediment flux, and sediment connectivity. Bedrock outcrops dominated instream (longitudinal) 
sediment (dis)connectivity by limiting the instream transport capacity of water and influenced 
prominent feedback loops relating streambed evolution and streambed erosion/deposition. We 
found that during high magnitude hydrologic events when significant sediment transport occurred, 
landforms such as undulating microtopography limited sediment connectivity. The spatially 
explicit nature of the results highlights the efficacy of the coupled model. Explicit representation 
of active sediment transport pathways and sediment sources, as simulated herein, is an emergent 
tool especially useful for watershed managers when applying erosion remediation BMPs at the 
watershed scale.  
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Canine Nutrient Contributions to the Urban Environment* 
Brad Lee1, Dwayne Edwards2, Gregg Munshaw1, Suzette Walling1 
1Plant and Soil Science Department 
2Biological and Agricultural Engineering Department 
University of Kentucky  
 (859) 257-0156 
brad.lee@uky.edu   
 
As dogs become more popular and human populations concentrate in urbanized areas, 
management of canine excrement will become more important.  At present, only about 60% of 
dog excrement is collected from public spaces and disposed in a landfill.  Nutrient contributions 
to stormwater attributable to dogs are not known to the regulated Municipal Separate Storm Sewer 
System communities (MS4s), the local regulatory entities that will make dog excrement cleanup a 
priority in future years.  Quantification of nutrients from dogs is particularly important to states 
like Kentucky, which ranks 3rd in the nation in canines per household (1.9 dogs in 45.9% of 
households). In order to quantify nitrogen and phosphorus from canine excrement, individually 
packaged excrement samples were collected from 1005 canines that deposited at 12 apartment 
complexes and 11 dog parks in 3 of the most urbanized areas of Kentucky. Moisture content 
averaged 69.2% (s.d. = 5.5%, range: 31.3% - 91.1%, n = 746), nitrogen (N) averaged 3.9% (s.d. = 
0.8%, range: 0.9% - 6.5%, n = 1005) and phosphorus (P) content averaged 3.1% (s.d. = 1.0%, 
range: 0.4% - 8.0%, n = 1005). The Environmental Protection Agency estimates that the average 
dog produces 125 kg of feces annually. Using this value, the canine population of Kentucky adds 
2245 Mg N and 1729 Mg P to the environment each year. At the household lawn scale, the average 
canine adds 1.2 kg of P and 1.5 kg of N. Using the University of Kentucky recommended annual 
application rate of 0.9 kg N per 93 m2 lawn, one average dog would apply enough N to cover a 
155 m2 lawn and 2-fold the amount of P applied at the N-equivalent rate of a 10-10-10 fertilizer. 
These results suggest that dog excrement is a significant source of nutrients in the urban 
environment and should be taken into consideration when developing MS4 nutrient management 
strategies. 
*Supported by 2018-2019 USGS 104b grant funds. 
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Continuous Nutrient and Turbidity Sensors Reveal the Response of 
Watershed Sources Connected During Storm Events 
Evan Clare1, Tyler Mahoney1, Jimmy Fox1, Jason Backus2, Thomas Dunlop1, Stephen Day1, and John Pike1 
1Department of Civil Engineering 
2Kentucky Geological Survey 
University of Kentucky 
(502) 523-1312 
evan.clare@uky.edu  
 
Recent development of continuous, in-situ water quality sensors has allowed for high-resolution, 
high-quality nutrient and suspended sediment sampling to become increasingly possible. 
Previously, study of the temporal variations in nutrient concentrations has been limited in terms of 
the temporal resolution of samples taken, primarily due to the time and manpower constraints that 
exist when conducting sampling regiments in the field. Low-maintenance, high-resolution 
sampling methods have been found to be especially advantageous when considering the 
monitoring of storm event and subsequent nutrient and sediment event-response dynamics, 
specifically due to the safety concerns that arise during manual sampling in high flows in streams. 
Storm events have increased capacity for the transport of pollutants, such as sediment and 
nutrients, from a watershed to a downstream receiving body. This is due to the increased event 
runoff activating new flowpaths and mobilizing previously disconnected source pools of a given 
constituent. Studying the nature of the event concentration-discharge dynamics, utilizing novel 
methods such as hysteresis loop analysis and hydrograph/chemograph separation, can elucidate 
the transport mechanics of the constituent in question, including source location within the 
watershed, dominant flowpaths, and timing of load exports. 
Nutrient monitoring “platforms”, consisting of the SeaBird-Coastal SUNA V2 nitrate sensor, the 
SeaBird-Coastal HydroCycle-PO4 phosphate sensor, and various Yellow Springs, Inc. 6-Series 
Water Quality Sondes (measuring temperature, turbidity, conductivity, dissolved-oxygen, and pH) 
have been deployed in two watersheds in central Kentucky. The South Elkhorn watershed is a 62 km2 basin near Lexington, KY and has been defined as a surface-flow dominated, immature karst 
watershed. The Cane Run watershed is a 98 km2 basin near Georgetown, KY with a 58 km2 area 
made up of a coupled surface-subsurface network. Water quality has been monitored at these 
locations quasi-continuously beginning in June 2017. Storm events with sufficient associated 
nitrate or turbidity data were subsequently identified for event concentration-discharge response 
analysis. Between the dates of June 2017 and June 2018 numerous increased discharge events were 
identified, including 31 independent nitrate-discharge events and 21 independent turbidity-
discharge events at the South Elkhorn study site, and 17 independent nitrate-discharge events and 
11 independent turbidity-discharge events at the Royal Spring study site in the Cane Run 
watershed. Hysteresis responses, defined for the purposes of this research as the disparate timing 
of discharge and nitrate/turbidity fluctuations during an event, were analyzed for each identified 
event using constructed concentration-discharge loops and used to categorize events. Hydrograph 
separation techniques modified dependent upon results from the hysteresis loop analysis, as well 
as developed chemograph separation techniques were used to further analyze each event. The 
coupled results of these analyses were observed with the goal of identifying end-member 
contribution concentrations and relative timing during events. 
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Results of the analysis yield similar responses for nitrate and turbidity in the South Elkhorn 
watershed, as well as nitrate responses in the Cane Run watershed. This may indicate similar 
physical and biogeochemical mechanics controlling the event response relationships between the 
South Elkhorn and Cane Run watersheds, implying karst geology may play a more important role 
in the South Elkhorn watershed than previously hypothesized. Hysteresis loop analysis yielded 
several unique results for the two systems, including marked time-lagged nutrient and sediment 
responses to increased flow in both watersheds, multiple independent identifiable intra-event 
response patterns (double-loops), and dissimilar responses for events of increasing magnitude. 
Results from this analysis, coupled with results from hydrograph and chemograph separation 
indicate that event magnitude and antecedent moisture conditions dominate inter-event response 
variations; while dynamic end-member source concentrations are largely responsible for variations 
in intra-event concentration-discharge responses. Methods for the quantification of the end-
member concentration fluctuations are necessary for further assessment of nutrient and sediment 
event response dynamics. However, this study presents a justification for the feasibility of in-situ 
sensors for improving the quality and the flexibility of water quality monitoring in the future. 
 
 
 
 
 
 
 
